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We, S & C ELEcnric Company, a cw* 
pofation organized and ezistiiw under the 
laws of the State of Delaware, Unked States 
of America, of 6601 Ridge Boulevard, 
5 Chicago, State of Dlinoia, United Statea of 
Amenca, do hereby declare the invention, for 
which we pray that a ptent mav be granted 
to us, and the method by whim it ia to be 
performed, to be particularly described in and 
10 by the following sutement : — 

This invention is an improvement over the 
disclosure in British Patent No. l,12l»719. 

Accordingly this inventioD consists in, in a 
radio receiver re^xmstve to a radio transmit- 

15 ter mounted on a fiigh vokage electric pomtt 
transmission line comhiaor and generating a 
transmitter carrier modulated by a signal cor* 
resprading to a variable in said conductor and 
likely to change its centre fxequency, in com* 

20 btnation a receiver oscillator for gener- 
ating a local oscillation having a fre- 
quency which is maintained siibstantially 
constant and beats with said trans* 
mitter carrier to generate an mter- 

25 mediate frequency, demod u la tin g circuit 
means for receiving said intermediate fro* 
qucncy, and tunable to operate at a receiver 
frequency, and automatic frequency alignment 
means for shifting the centre frequency of 

30 said demodubtmg circuit means in the direc- 
tion of said centre frequency of said cairier. 

A general explanation of this invention is 
that a receiver is arranged to accommodate 
shift in the carrier frequency of the associated 

35 transmitter that is mounted on and is modu- 
lated, for example, by current flow in a con- 
ductor of a hign voltase electric power trans- 
mxssion line. The shift of frequency in the 
transmitter may 6e caused by change b am- 

40 biem temperature resulting in change of those 
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coBopooatM in the transmitur that generate 
and conmil its carrier frequency. A shift 
also may be caused by agmg of the trans- 
mittrr components. In the receiver a local 
osdUatioQ is generated having a freouency 45 
that beats with the frequexK^ received from 
the transmitter to generate an intermediate 
freq u enc y which carries the signal that repre- 
sents the current flow in the conductor. This 
intermediate frequency is demodulated by a 50 
tumble discriminator or demodulator. When 
the center frequency of the discrimfaiator or 
demodufattor is equal to the arithmetic differ- 
ence between the tranamitter carier /requeocy 
and the local osdUtor frequency, the recehw 55 
ia said, by way of definition, to have a center 
frequency equal to the centre frequency 
of the tranamitter carrier. Since the 
receiver is located at ground potential, the 
frequency of its local oscillator can be con- 60 
trolled so tt 10 remain substantially 
Thua the receiver center fre- 
remain constant while the 
transmitter center frequency may shift 
with the result that the output of the 65 
receiver, m addition to contaming the wanted 
eigoal, also includes a direa vohage com- 
ponem the magnitude of which is a function 
of the center frequency differential between 
t!ie transmitter and receiver freouendes. The 70 
center frequency differential oixween the 
transmitter and receim appears as a DC 
output from the receive smce the system is 
DC coupled. When the transmitter is turned 
on or off under these cooditiooa, a transient 75 
output itsuhs which could be mistakenly iden- 
tified u a prfanarv fault currem by output 
devices such as refajs or oscillogrs{»M. Vnb 
type of output is uiuxsirable and is essentially 
eluninated by an automatic frec^jency align- 80 
mem circuit The unwanted direct vokage 
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component is reduced to a minimal value by 
applying it to an automatic frequency align- 
ment circuit which is arranged to apply a 
counterpart direct voltage to the demodulat- 

5 ing circuit or discriminator in order to shift 
Its center frequency, by definition the itcdvcr 
center frequency, in the direction of the trans- 
mitter freouency to the end that the center 
frequency differential is minimized. The auto* 

10 matic frequency alignment drcuit includes a 
feedhadc loop which increases its gain as the 
differential is reduced in order to effect the 
desired control as the differential approaches 
the noinimum value. The direa voltage coov 

15 ponent which corresponds to the mquency 
differential ia applied to a storaee capacitor 
that forma a part of the automatk frequency 
alignment drcuit. The charge on the capadtor 
mainuins the recdver centt/ frequency at Its 

20 corrected levd for a predetermined time after 
the transmitter ceasea to tranamit in the ex- 
pecution that It will hcpn to transmit again 
widifai Ala neriod at the previoua center 
frequency. A relay is arranged to fee controlled 

25 in response to receipt of the transmitter fre- 

rEicv. Upon loss of the tranamitter signtl^ 
relay ia decnergiKd and ceruin of ita con- 
ttcts open the output drcuit of the recdver 
to the load which it drives in order to avoid 
•30 the application of receiver output nobe to Ae 
load whidi would cause false operation of 
relays, etc. Contacts of the relay also open 
the drcuit to the storage capadtor in the 
autooiatic frequency alignment circuit on ter^ 
35 mination of the transoutter signal to prevent 
recdver output noise from ^«p»g the rc* 
ceiver center frequency and to avm apture 
of the recdver by a strong adfacent channel. 
Contacu also are provided in the relay to 
40 energize an indicator which shows that the 
frequency is being received from the trana- 
mitter. Other contacts on its reUy are used to 
ground the input to the load in onler to 
avoid false operation of meters and relays 
45 which nught occur if the drcuit to the load is 
. suddenly open circuited. Energy stored m the 
input circuits may generate undesirable tran* 
aient signals. 
In tte drawings: FIG. 1 is a acbematic 
50 representation of a transmitter*recdver drcuit 
for use in crajunctim with a conductor of a 
high voluge dectric power transmissior Ube. 
nCS. 2A and Z-B, placed side by side In the 
order mentioned, show certain of the circuit 
55 connections in the receiver employed in the 
system shown in FIG. 1. 

!n FIG. 1 the rderence character 10 desig- 
nates one conduaor of what may be a three 
phaae high voltage 60 Hz alternating current 
60 electric power transmission line. The conduc- 
tor 10 may be energized, u indicated, at 
voluses for exami^ rangins from 138 to 750 
Kv. Interposed in the conAiaor 10 is a dr* 
cult interrupter that ta indicated, generally, at 
65 11. It indudes a trip coil 12 that ia arrayed 



to be energized from a battery 13 on closure 
of contacts 14 of a relay that is indicated, 
generally, at 15 and has an operating winding 
16. The operating winding 16 can be ener- 
gized along with the energization of a cur- 70 
rent responsive meter 17 which mav be an 
ammeter or the current element of a watt 
meter device. The operating winding 16 and 
nseter 17 are arranged to be energized from a 
power ampUfiev 20 that is driven by aa FM 75 
radio receiver vhich is indicated, generallyi 
at 21. The radio receiver 2f Is arraogol to 
receive the output of an FM radio transmit- 
ter, indicated generally at 22, which is moun- 
ted on the line conduaor 10, operatea at Its 80 
Dotential, and has Its transminer or carrier 
frequency modubtcd by the current flow in the 
conductor JO. 

The nuxiulated transmitter frequency or 
carrier frequency Is recdved by antenna 23 85 
of the radio receiver 21 and is ust applied to 
an R. F. amplifier and mixer 24 which oper- 
ates in conjunction with a local crystal oscil- 
lator 25 tlttt ia arranged to generate a fre- 
quency that beats with the tranamitter or car- 90 
tier frequency in the amplifier and mixer 24. 
The resulting Intermediate frequency is passed 
through a crystal filter 26 into an I. F. ampli- 
fier 27 whicn has associated therewith a sig- 
nal strength meter 28 and a carrier levd relay 95 
control circuit 29. The intermediate frequency 
carryi^ the signal which correq^nds to the 
flow of altematmg current in the conductor 10 
is applied to a discriminator or denuxlulator 
30 which hu associated therewith a manual 100 
frequency alignment drcuit 31 that is em- 
pbyed for manually adjustlLg its center fre- 
quency iHiich, by definition, is referred to 
herein u the recdver center frequency. The 
signal obtained through the discriminator or 105 
demoduhter 30 is amplified by output ampli- 
fier 32 and la applied dirough carrier levd 
relay output circuit 33 to the power ampU. 
fier 20. A tuning indicator 34 is associated 
with the output of the amplifier 32 for indi* 110 
eating the difference, if any, between the 
center frequency of the carrier and the center 
frequency of the receiver. In order to mini- 
mize the differential between the transmitter 
or carrier frequency and the receiver center 115 
frequency, an automatic frequency alignment 
drcuit 35 Is arranged to control the center 
frequency of the discrimiiuitor or demodulator 
30 in a manner to be described. 

It is prefeiable to adjust the frequency 120 
of the discriminator or demodulator 30 In 
accordance with the center frequency differCD* 
tial rather than the frequency of the i^ff*»^ 
25. Since a fixed frequency oscillator, SQCh as 
the oscillator 25, is inherently more stable 125 
than a tunable oscillator, greater over all 
stability is achieved by varyiiy the center 
frequency of the discriniinator or demodulator 
30. For the purpose deacribed^ horefcr/lbe 
local osdlLt r frequency could be /$ML 130 
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Referring to FIGS. 2-A and 2-B It will be 
noted that a conductor 37 interconoectt the 
L F. amplifier 27 with the carrier lever relay 
control circuit 29 for the purpoae of cncrgir- 
5 ing throu^ the circuitry therein a carrier 
level relay that is indicated^ generally^ at 
38. It has an operating wlndi^ 38w that 
U connected for energization between a con- 
ductor 39 which is energized for example, at 

10 +30 volts above ground. The carrier level 
relay 38 bdudea normally men conucta 38a, 
normally closed contacu 38b nd oonaally 
open contacts 38c and 38d. 
A DC output of the L F. amplifier 27 is 

15 proportional to the carrier field strength level 
at the receiving antenna 23 Irom the trana- 
mltter 22. It is desirable not to connect the 
output of the receiver 21 to the output eqm> 
ment, including the poowcr amplifier 20, until 
20 theYeceived aignal is at a predetermined level 
rnitsenting normal operation of the trans* 
matter 22. In the caner level relay control 
circuit 29 there is provided a carrier level 
control potentiometer 40 which is set at a 

25 level sudi that the winding 38w of the car- 
rier kvel relay 38 is not energized until the 
DC output of the I. F. amplifier 27 is equiva- 
lem to die desired field strength level at the 
receiving antenna 23 from the transmitter 22. 

30 When *the input voluge to transistor 41 
reaches the level preset by the potentiometer 
40» the mput to transistor 42 is such as to 
cause switching of transistors 42 and 43 and 
energization of winding 38w of the carrier 

35 kvel relay 38. Time delay b introduced in the 
energization of winding 38w by the provision 
of capacitors 44 and 45 ^ch are connea^ 
in the circuit by a switch 46. In some appli- 
cations delay is required to allow the trans- 

40 mitter carrier to subilize before energizing 
the output equipment including the amplifier 
20. Positive feedback conductor 47 is utQizcd 
to produce a hystercsu in the *'on'* and ''off** 
response level relay 38. It is desirable to 

45 allow the carrier field strength to fall below 
the ''tum-on" level before deenergizing the 
winding 38w of the carrier level relay 38 
so that small changes in the carrier field 
8trei«th will not cause chattering of relay 

50 38. The time constants of capadtors 44 and 
45 aiKl redstor 48 in series with winding 
38w and the collector to emitter resistance 
of transistor^3 provide approximately a zero 
to 4 millisecond dehy. 

55 On energization f the carrier level relay 
38 its oomacu 38a are closed to complete an 
energizing circuit for an indicating lamp 50 
which shows by bein£ lighted that the trans- 
mitter or carrier trequencf is being re- 

60 ceived. 

Any difference between the center frequen* 
des of the transmitter carrier frKjuency 
axKi the receiver frequency (by definition the 
frequency of the discriminator or dcmoduU- 

65 tor 30) appears as a direct voltage component 



in the output of the amplifier 32. ' 
In order to indicate the relation be- 
tween transminer and receiver center fre- 
quendes, the tuning indicator 34 is em* 
ployed. It includes an indicating meter 70 
52 which is connected in series circuit reUi- 
tion to the output of the amplifier 32 through 
resistors 53 and 54. A range switch 55 is 
provided to short circuit resistor 53 in order to 
change the range in which the meter 53 oper- 75 
ates. 

A further result of the energization of the 
carrier level relay 38 is to dose contact 38c 
which connea the output amplifier 32 to the 
power fTT^pHfirr 20 which constitutes load dr- 80 
cuit means for the radio receiver 21. As soon 
as operation of the transmitter 22 ceases, it is 
desirable to avoid the applicatira of any tran- 
aient signal to the power amplifier 20 to avoid 
false operation of relays, etc., driven by the 85 
power amplifier 20. Accordingly, not only is 
the circuit thereto opened at conucu 38c 
00 deenergization of the carrier kvel relay 
38, but also at conucts 38b the load drcuft 
incfakUng the power amplifier 20 Is grounded 90 
at 56 to prevent false relay operation. 

It ia undesirable to have any differential 
between the center frequency of the trana- 
mitter or carrier frequency and the center fre- 
quency of the receiver frequency. As pobted 95 
out, this differential is reflected in the direct 
voluge component of the output amplifier 32 
and can be measured by tumng indiator 34 
employing the meter 5l In accordance with 
this invention provision is made for employ- 100 
fa^ this direct iroltage oompor^t for dian^* 
ii^ the center frequency at vrfiich the dis- 
cnminator or demoddator 30^ functions. lu 
cemer frequency is changed in the direction 
of the center frequency of the transmitter or 105 
carrier frequency since the freauency of the 
local oscillations, as determined by the cry- 
stal osdUator 25, can be controlled in such 
manner u to remain stri)6tantially consunt 

On energization of the carrier level reUy 110 
38, a circuit is completed at conucu 38d 
over conduaor 58 for applying the direct 
vohage component, if any, to a storage capa- 
dtor 59 which is charged to an extent, de- 
pending tqwn the nugnimde of the direct 115 
voltage component. The chaige on the storage 
capacity 59 is applied to the base of a field 
effect transistor 60 which hu a reUtively 
hi|^ impedance. The field effea transistor 60 
is connected through a zener diode 61 and 120 
a resistor 62 across conduaors 63 and 64 
which, u indicated, are energized at +12 
voltt above and —12 volu below ground. It 
win be understood that these and other volt- 
ages »ecifically referred t herein can be 125 
varied and that memion thereof is for illus- 
trative purposes only. The arrangement is 
such that, on reduction in the flow of current 
in conduaor 10 to a value such diat iH trans- 
miner 22 is no longer operative, the storage 130 
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capacitor 59 is discharged slowly and a sub- 
ttaotial time is required for this to take 
place. 

The output of the circuits iacludiog the 
5 field effea transistor 60 is applied oy a 
pot en doflK t cr 65, which is connected across 
the zener diode 61, to control the operation 
of a feedback amplifier 66 which includes a 
pair of transiston 67 and 68 and an output 

10 transistor 69. A direct voluge, which ia a 
counterpart of the direct voluge applied to 
the storage capacitor 59, is applied by the 
output transistor 69 through resistor 70, con- 
ductor 71 and resistor 72 to a varaaor 73 in 

15 the discriminator or demodulator 30. The 
capacitance of varactor 73 is changed as a 
function of the magnitude of this counterpart 
direct voltage to change tae center frecruency 
of the discriminator or demodulator 30. For 

•20 alipoing the transmitter 22 and the receiver 
21 oo installadon, the manoaul frequency 
alignment circuit 31 in a similar manner con- 
trdb the capacitance of a varactor 74 in the 
disoiminator or demodulator 30. 

2S The reason for emplo>ing the feedback am- 
plifier 66 is to mcrease the gain of the auto- 
matic frequency alignment loop as the charge 
on the storage capacitor 59 decreases. This 
is necessary m order to drive the cezuer fre* 

30 quency of the discriminator or demodulator 
30 in the direction of the center frequency 
of the transmitter or carrier frequency to 
reduce the frequency differential to a minimal 
value. For this purpose a portion of the out- 

35 put from transistor .69 is appli^ throu^ 
resistor 75 to the base of transistor 68. TUa 
voluge b reflected in a change in the voltase 
across resistor 76 and thereby changes mt 
effective gain of transistor 67. 

40 The charge on the storage capacitor 59 can 
be manuallv reduced to zero by operation 
of a capacitor disdiarge switch 79 which, 
when dosed, allows the storage capacitor 59 
to discharge through a discharge resistor 80 

45 and reduces the correction to zero. 

As long as the center frequency of the dis- 
criminator or demodulator 30 or the receiver 
frequency is properly alifped with the center 
frequency of the transmitter or carrier fre^ 

SO quency, no direa voltage component 9pp€Mn 
from the output of amplifier 32. When there 
» a difference in these center frequencies, 
which reflects a differemial between the trans- 
mitter or carrier frequency and the receiver 

55 frequency, tiK direa voltage component 
appears and it charges the storage capacitor 
59. The feedback amplifier 66 then functions 
m the manner described to reduce the dif- 
ferential to a minimum or until the uv$ilMt 

60 error which is refleacd by the nugtiitude of 
the direa voltage component from the ampli- 
fier 32 is below a certain minimum value at 
which no further correction can be obtained. 
The maxinmm tuning range of the diacrimin- 

65 ator or demodulator 30 u approximately 



±2(HcHz and it is essentially symmetrical 
about 0. The charaaeristics of the automatic 
frequcTKy alignment circuit 35 are such that 
the maximum reaidual direct voltage output 
from the amplifier 32 is approximately 40 db. 70 
below the maximum output level of the re* 
cdver 21. The response time for correcting 
the frequency of the discriminator or demodu* 
lator 30 is relatively alow in order that the 
correaion wiB be unaffected by the 60 Hz 75 
signal to iht oumut amplifier 32 which 
corre^pooda to the 60 Hz current in the high 
voluge conductor 10. SpedficsUy, the effec* 
tive ntquency of the dowly decaying counter- 
part direa voltage applied to the varactor 73 80 
IS such that it will not pass through the am- 
plifier 32. The initial correction rate is 
q)proximately 1 Khz/sec yielding for ex- 
ample, a minimum conection time of 10 
seconds for a 10 kHz frequency differential. 85 

The relation^ between the capacitance of 
the storage capadtor 59 and the discbarge 
circuit tiierefor including tbt field effea tran- 
sistor 60 is such diat upon loss of the t?an»» 
mittcr or carrier frequ&icy due to dccner gi za- 90 
tion of the radio transmitter 22, the auto* 
matic frequency alignment circuit 35 main- 
tains the center frequency of the discriminator 
or demodulator 30 at the corrected level for 
a mininmm period df the order of 60 mimitrs. 95 
For temporary Dower system outages due to 
switching or uuh interruption, this time 
period of 60 minutes is adequate so 
that when the radio transnutter 22 
is reenergized, the center frequency dif- 100 
feremial will be minimal kiA the resultant sys- 
tem output tranalem will be n^ligiUe. 

WHAT WE CLAIM IS: — 

1. In a radio reoeivcr responsive to a radio 
transmitter mounted on a nigh voltage dec- 105 
trie power transmission line conductor and a 
generating a transmitter carrier modulated by 

a signal corresponding to a variable in said 
conduaor md likely to change its center fre- 
quency, in combinttion, a receiver osdllator 110 
for generatmg a local oscilUtion having 
a frequency which is maintained sub> 
stantiaUy conatant and beats with said 
transnutter carrier to generate an inter- 
mediate frequency, demodulating circuit 115 
ineana for receiving said intennedlate ir6- 
ouency and tunable to operate at a receiver 
frequency, Lad automatic fttquency a lig n mcm 
means for shifting the oemer frequency of 
said demodulating circuit means in tlw direc 120 
tion f said center frequency of said carrier. 

2. The radio receiver according to Claim 

1 wherein reby means responrive t rece^ of 
said transmitter carrier control said ofo- 
matic frequency alignment means. 125 

3. The radio receiver aooording to Claim 

2 wherein said relay means iochidea 
means for coonrrring said lemoduladnf 
drctiit aems to load circuit rneam 
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when said relay means is energized in 
response to said modulated transmiter 
carrier and also includes means for 
connecting said load drcuit means to ground 
5 when said relay means is deener^ized. 

4. The radio receiver accordmg to Claim 
1 wherein the ouqput of said demodulating 
circuit means includes a direct voltage com- 
ponent corresponding to the differential bo- 

10 tween the transmitter carrier and receiver 
center frequendes» and said automatic fre* 
quency alignment means h le^xmsive to said 
direct voltage component for applying to said 
demodulating circuit means a counterpart 

15 direct voltage component to shift the center 
frequency of said demodulating circuit means 
in the direction of said center frequency of 
said carrier. 

5. The radio receiver accordiqg to claim 
20 4 wherein capacitor means is oarged tiy 

said direct voltage a»nponent and is main- 
tained charged for a substantial time after 
said transnutter ceases to operate. 

6. The radio receiver according to Claim 
25 4 wherein capacitor means is diarged to an 

extent draending upon die magnitude of said 
direct voltage component and is arranged to 
pfiamtain said automatc frequency alignment 
means in operation to shift said center fre- 
30 quency of said demodulating drcuit for a sub- 
stantial time after said transmitter ceases to 
operate. 

7. The radio recdver according to Claim 6 
whoein means disdiarge said capadtor means 

35 a substantial time after removal therefrom of 
said direct voltage conq>onent whereby said 
counterpart direa voltage applied to said de- 
modulating drcuit is conesfKndingly reduced. 

8. The radio receiver according to Claim 
40 4 wherein feedback dxcuit meam in said auto- 
matic frequency alignment means increases die 
gain thereof with deoease In said direct volt- 
age component to maintain said counterpart 
voltage at the required voltage* 

45 9. The radio receiver according to Claim 
4 wherem said variable is 60 Hz current and 
said automatic frequency alignmem means^ is 
si4)stantially non-respotttive to that portioa 
of said sig^ cotreapooding to 60 m. 

50 10. The radio receiver according to Claim 
4 wherein said demodulating drcmt meam^ is 
diaraaerized by having a tuning range of 



about ±20 kHz to prevent response of said 
recdver to an adjacent cfaannd. 

11. The radio recdver according to Qaim 55 
4 wherein relay means are responsive to re- 
cebt of said modulated transmiuer carrier. 

12. The radio recdver according to Claim 
11 mtoein said relay means control said auto- 
matic frequency ahgnment means. 60 

13. The radio reodver according to Oaim 
11 ix^ierein load circuit means is driven in 
accordmce with the output of said demodulat- 
ing drcuit means, and said relay means in- 
dudes means for connecting said demodulating o5 
circuit means to said load circuit means when 
said relay means is energized in response to 
sabi noodulated transmitter carrier and also 
includes means for connecting said load cir- 
cuit means to ground wbea uid relay means 70 
is deenergized. 

14. The radio receiver accwding to Qaim 
11 wherein relay control circuit means> res- 
ponsive to said nuxhilated transmitter carrier, 
control the energizatioo oi said relay means, 75 
and means control the levd at which said 
relay control circuit means is re^nmsive to 
said modulated transmitter carrier. 

15. The radio receiver according to Qaim 

11 wherein means delay enei]^izaaon of said 80 
relay means for a predetemuned time after 
said modxilfttfd transmitter carrier reaches a 
predetermined level 

16. The radio receiver according to Oaim 

11 wherein means cause said relay means to 85 
become deenergized wben the levd of said 
modulated transmiuer carrier is reduced a 
predetermined amount below the levd at 
which said relay means is ener^zed. 

17. The radio receiver accordiM to Oaim 90 
4 wherein said varidile is current flow in said 
conduaor. 

18. The radio recdver according to Claim 
11 wherein said variaUe is currem flow in 
said conduaor. 95 

19. A radio receiver with autonuitic fre- 
quency and output control, substantially as 
herdimefore describe<^ having reference to 
the accompanying drawings. 

MARKS ft CLERK, 
Chartered Pitent Agents, 
Agents for the Applicant(s). 
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